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ABSTRACT : PROBLEM TO BE SOLVED: To provide a manufacturing method of a positive electrode 
active material for a secondary battery having high energy density and excellent repetitive 
charge-discharge performance and to provide a secondary battery using it. 

SOLUTION: This secondary battery uses a positive electrode active material 
LixMnaNibCocOa obtained by heat-treating a mixture comprising a trivalent transition 
metal compound in a temperature range of 950-1100°C, (where, a, b and c should be 
positioned in a range shown by a region surrounded by lines connecting four points 
comprising a point A (a. b. c)=(0.5, 0.5, 0), a point B (0.45, 0.55. 0). a point C (0.25, 0.35, 
0.4) and a point D (0.3. 0.3, 0.4) on a ternary state diagram expressing the relationship 
thereof, and X should be 0.95<x/(a+b+c)<1 .05). 
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5 omM.%i^J.T. ff* t<{i2 ofi*%mT-(:'fe^. 
[0 0 58] Huier:7 iji^-h'ty-?-i,z'o\,^xM^^ 

) T9 Vl^-h . 7"a f^>-i7"U 

y^JV-f^V 3— /Wxx-f/l'v' ( p< 5^ ) r :7 U l^— b . * 

-^Jg2iyjic75^UXf-U>-:/ll r;— /l^i^" (^r?') T^'U 
u- h , *-^JK 2 UiJicOTK 'J 7°a f y i?' U =J — 
(ytJ') T:? 'J1/— --rU^t^^i'Xf-^y/jK'J^^ 

yi/^-.)i- i^' ( y ) T^"; u-— b , ^v-y^ 
{^9) T9'}v~\~^) ^ swig 

r:7'Jl/— h { M>^^o— /UToys'y h ij (^:?) T 

U-fe'J>'Oxf-u-y5^-^i- Kmp!|%)i7)b'J (X:?') 

D T^^'Ul^— -b 'J y^0x■^l✓>'5^^i^ 

b\ ru\^\yy^^'yn^m<7>v') {^^) m'Vi^ 

{^y^xuxy b— ;l'Th7 (X^) T^' UP— b. 

^:LtifX'%h. 

[0059] mttr^ 'J \y- b^ y W&M^ 

yi/S.t#ig, ^i^^^K, 7^-;i^^. A-^^y^. V- 
b^nyM. X-y-nyg!. p<^vy-?py®. rnx-y 
bBf^} . {x^^yxyi.*yi§. r 

^'J;PT5 b-2-;<f-;i'ra>'N°>'7.;L'7^>'K^} Xii 
-e^^^>coJa (Lita> Na^, KJg. Ty^x-^Ata. 
-rb7T;i'^;i^ry^x'>Ai^sf ) , 4;tc:ix^co^t& 
^a^;i-7Ky®sc i~c 1 ^(nimmMmmArjv^ 

r/W=^l/>' (C2— C4) *ruT;l' 
l^y- (C 2~C4 ) ^'J 3-;w*t-gB^Wtxx-f^w 

-ft tf^ t O ( X f-yUV b . ^: y t b' ndf v-X^^UV 

^i:') ^ jti/^rytxT- xmMtimr^y 
x%%m\zr^ biLLfvrio y^^yrs b. 
N-yf-^uvu-'f y^^yrs b, n, N-i^"xf-;p-7 
i^>fy®?^:yr5b'^:i:) , (X;?) r^^u/wss^txT^ 

yl- [C 1~C 1 Sc^BIBSI^ (y^yl-. rob 
T'-f;!-', 2-xf-;W's^>';k, x-rTUA-^) T^U 

uy (C2~C4) ^^yn-zU (x-f-i-y^'jrj-;!^. 
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t/^^JTfV^l-y (C2~C4) j?-Ur?-/l, (.tf'JX^ 

^^n-./l-- (^:^') Ti?y;PrS F^] ; f-^l^xxx 

t'-/Ux-7^;PX{i:T 'J ;Wx-7^;l,- [ T'^yP t'':i;kx- 
FT^i^/PT 'J ;px— ; ^IgfP^ F U Mt 
[ (^i^') r^"JariF 'J;w. ^uhy-hUJ\^ 

^] ; ^«gSlT 5 >- [ ( ^ ) T 'J T 5 y . >^>< 
TSyx^;K;><^)Ti?'J;H^-F, i^xf-;l/TS yx 

^/K y ^ ) r ^7 u 1^ - F# ] ; mmm-tt'i:/'?- 

[N-b'n/l^fnU Fy. fii;l'e'Ji;^y^] ;:tU'7 

-f yy^i^y. '^y-T-y . (c 6--c 5 o ) a -^r 

ym'\ \:^\yy^ y^'^^mmtA^^ ix^vy. a - 
5 F^] ; ^^uyy^'^^y^- mit^-}V. ^it 

1^^^] ^5!)^'#(f ^fi^, 

[0060] Bylfix;fjf^i^^y V— tcoir>-c«?y*-r-l> 
i: . v-j/Vl-x— { t'X7 x y — ;l-Ax^^»; 
i//vx— x/L'. t'xy i y — /i^F v'^'j v'v'/i'X— 7^ 

i y-;uy v ixS/zl^x— r;P , :? l^V-;l-y 
'-}<7v:^i/l)S^i^VUx-f-;U^} . v-i^/PX^T^/W 
p. { ^^-ff t Fn y 0 v-i^Vl-xxx;!^, v 

-igiJ' D vvVi-xxt-;p^; , ^'Ui^i^VL-TSya (F 

U iJ^' U j/S/VM y i^T^ I'— F . 7^ F ^ 'J £/y;t^£/T 

5 y y X =.juy( -^ym) . immwm:^-!^^^-^^ F w 

{ x.^^ >• (t^ U >^'x y . x;K^ v'-fb'cS?*^ } , 
)i^]KX;KJf -9--f FH { 3 . 4 X-+°^ - 6 y ^ 
a's.^i^;l-;'<-?^;P;j^yl'4f^i-l.- F, 3, 4x;tfdri^i^ 
y o-^df >- 1^- F # } WW 

[0061] Buiei!fi:i'J«oj?nji: LTii. mmm^v r s 

{i/x^p^FUTSV. FUx^i^yrF^S 

3. 9- (3-T$yy°otVP) -2,4,8. 1 
0-T-FD;t^-9-y.ba [5, 5] "^y^i^y^) 51 

ix;uy^V^} , *r'jr5 FS <^-f^-i|;K>JT5 

F^} , WW^^W \ W^y9)Vm. xF^tFnyf- 
/NRTfcyy/u-^. 'v^-f t Fo^.i<yy;i^g, *7KFU 



{yxy-;i-y#y yy^} . *ryy;p;^ry>' {d^-y 
■^f/i^yr-^ F^) . W.'^r^ym. { Fuy (>-y^;i.T 
syy^;u) yxy-A-. 2-xf-;i.~4-y^yi-f $ 

[0 06 2] MfS-^ V^r-^— F*ar*-ri.ty-7-{:r 
OC^TM:^-r'g.i:. F7l^xyi/-f Vi^T^h-F. i^'yx 
ri;py:5'yv'-^y>-T-f-F. 1, 6 -'N>=3f-9-y^lxy 
'JA y v-T-f- 2, 2, 4 (2. 2, 4)-FUy 

f-;p— ^^-fyf-uyx-f yi^T-^— F. p-7x— 
y-JAVi^T^—v. 4.4' -s^s^yn's.^^-yuyy 

yS/'-YVv-T^-F. 3. 3' -V:^'i-}V'Jy :l~}V 

4,4' -^-MVi-T^-F, i/T-v->-y>M y^-T 

F. m-^i^v>'i>-f y>-T-^— F. F'jy^;p^ 
i'l^ys/W ys/r-t-F, wyy ^ay-i^-^ yi^r^— 

F. 1. S-^V^VyVAV-^T-^—V. trans 

[006 3] miie^ vvT^— Fas:*-ri.^yv-sr 

[2ttg'ft-^!r* x^L.^i^-y3-;l^. yobP-V 
yjrj— Vx,^vy7'^)zi—)V^ i/yntru-yy 'j 
, Sl-fig^C-^lfSil {y y-fe'Jy. F'jyf-n- 

/t-yo^ty, 1,2. e-^^^fyFU^-/!^. F'Jx 

yy-;i-T5y^} . 4'g'^gYl:^^ {^^yyxyx'jF 
-;K xf-^y>''T5y. F U l^yi^TS y, i^'yxx 
;P;»{y>'yT$y. T^F^^f-a— /Ui/-yo'v.df9-y. 
y^7kc;^7l'3j^F^} , Slttg-ft-^il^J {2, 2. 6. 6 
-xF^^^f^x (t Fn=^rv-y^;i-) >-yn^df-»fy— 
/t-. v-x^pyFUTSy^i:'} , b'%Wt^'i^\V)V 
t'F— vy-F-yi-, X;Ui^F— , 8WSg-fb 
-^^^ {X-yo-X^i ] . aiA'*r'JX-T-;l.;K';:t- 
{ H?iiS?}^ U jT-zl^XJi'-K UTS ycDTa fu- y^^ 
->)-A F^tA/X<±x^^y^^-9--f F#Jnti} . 7iiV:r. 

y®. o,m,p-y^';i^M, 3y\yMs T-fe'^-fy^. 
•fe^^'v-vK, U>-y-/^^} iico^^, '-KU^ra^ 

y Fy>i<"y:t-./K'-K';e-;^'rn^y Fy#! , tF 
x3^>':^)Visi(ym.(mm-^m -^^^m^t^ 

[0064] mimmKmizhfc-ox . mm^mm-t^ 

^^m^. F UT/u^fi'it^xy >s yn.. T 5 y^ [^y 
Tsy^{N. N-i/'y^yWi^yo'v^i^^PTsy, f 
•jxf-;UT5y^} . li4^^:yT5y?« {t'ji^y. n 
-^^;i'^yi':;fv'jy^} . 'Jr5.ym. {N, N. N' . 
N' — f-F^y^/t-x^i^y-i-'TSy, N. N. N' , 
N' -7^F^yf-;n, 3-y'yyi/T5y^K F'J 
rsy^ {N. N. N' , N' -^yyyf-ywv-xf-i^ 
yFur^y^} , ^=3f-9-5>?S {N, N, N' N' - 
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(DABCO) . N, N' -vp<f-;l.b°'<.7v>. 1, 
(5. 4. 0) ^y=r^y-l (DBU) ^} 

[0065] -^wm^^i^ht^TrnMrnmim. wa 

[00661 'J f-'>AZ:<J:fl:?i!i«05'l-^#:«0W^^: LT 
ay^WMW^-^^ mtMm^<^^^ 

[0067] U^-^^AIl^C^m^TJ^^t-OV^Tti^tt^K 
[0068] 

*^{i:ffiST-fe-i>o tan. i^Wm^Wmm.^^^'f 
«.l2j>^^TfflV->^'Jf-'>Ala (Li OH^i:) C0» 

LTfitfie 'J AfsCDlS: 1 ~ 2Si|iM L h L T i> J: 
[0069] (^M^ll ) ~^^itatCj;|.L ii.oMn 

O.35N ioMzCOo. 23O2i0f^i!J 

MnjOg • H2O, N i 2O3 • H20JiU^Co303 ■ H2 
O?:,Mn:Ni:Co = 0. 35:0. 42:0. 2 
3^O7t«J:bi:=5^l>J:p^:^i^^'i1-i!l'51R0, liiffiMnz 



O3 • HsOOisK^lQ^JStBuKN i 2 03 • HiOat^C 
ojOs ■ H2Oco^ai§*^f^Ki:^:'etL-P^^0. Imol 
/ \ c7)7}<Kfl:^M''^A*^?g4'tC. sat', p Hsr 1 

^.Li:Ni:Mn=l:0. 35:0. 42:0- 

2 3i^7cSJti:=5r-SJ:o^?i?a^$*^^f*. K*I?H^ 
T. 4 0 O'CT'5^^, ^V^T 10 0 OrT'S^Pai^ 

L ii. oMno.ssN i 0. 42 C Op. 23 02t' 

[0 07 0] (|IM^J2) -^^^f^g-^'SCiSL ii.o 

Mno.35N io. 42C Oo. 23 02C7)'ftM 

L i OH, MnjOg ■ HjO. N i jOg • HjOa^/C o 
2O3 • HjO^. Li:Mn:Ni:Co=l:0.3 
5:0. 42:0. 2 3<7)7C*J:bi:=S:S i o liZMZ^m 

. 4 0 0 °CT- 5 , ggV 1 0 0 0 ^ "f 5 BtPaia^JJl 
ai-|>C:i:T\ Li,.oMno.35N i 0.4 2 C 00.2302"^"' 

[007 1 ] mmm3>) --ic^^mm^ 

Li OH. MnjOg • H2OS N iaOg • H2O. C02 

03 • H2 0:&i;fB2 03S:, Li :Mn:Ni :Co:B 
= 1:0. 35:0. 42:0. 23:0. 001 (Tyjt 

x9U-5rS^^^S^^:^v:^. 4 0 O'CfSB^P^, ^v^T 1 
0 0 0'CX'5f^^l^^Wt^^tX\ Li,.oMno.35 
N io.42C Oo. 23 02T-*$ix-l.ffl^<^iEfiivS!t?!l«^» 

[0 07 2] (mmm4) --iioo'cmum 

Li OH. Mn2 03 ■ H2O. N i203 • HaOS-tA'Co 
jOs-HiOSr. Li:Mn:Ni:Co = l:0. 3 
5 :0. 4 2:0. 2 3i07Siliti:'5r-S i 0 izAiliZmM 

4 0 o'ct-5^PBT, ^(.^r 110 o'cx'5mmm& 

mthZtX\ L i 1. oMno.sjN 10.42^00.2302"^' 

[0073] (.mm 5)^95 o'cmm 

L i OH, MnzOa ■ H2O. N izOs • WzOdO/Co 
2O3 • HsO^:, Li:Mn:Ni:Co = l:0.3 
5:0. 4 2:0. 2 3<DTmYctti:h izMZ^M 

^.4 0 0*C-C5l^^. m\^X 9 5 0*CT'5l^ia^J!!!a 

-th^tX'. L i1.oMno.35N io.42COo.2302"r'5^ 

[0074] (^MflJ6) L i OH, MnjOg • H2O 
m/niiOz HzOtr. Li:Mn:Ni = l:0. 
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4 5:0. 5 507c*Jti:'&-S.<j:3{C7f<lc<^>l$-tir. ^ 

- (L Lfz . mf^tLfzx ^ u - ^m&^ "^fzm. 4 o o r 

[00 7 5] (^J£^J7 ) L i OH, MnjOg • H2O 
RX/N ijOs - H,OS-, Li :Mn:Ni = l : 0. 
5:0. 5<r,yiMitt^i,X^iZ:iHzmm^'t. ^X(D 

m'lrmi)^ 1 M m^mt ^txd s^f:^^ l , x^>j - ft 

Lfz. m^ixfzX^O~t:mk^itfzm. 40 0'CX5 

mm. m^-^xiooo^cx'smmmm-thztx, l 

i 1 . 0 M no. 5 N i 0. 5 O^X'^^tLm^<7)lEm^mW^: 

mz. 

too 7 6] (HSfi^jS) L iOH, MnjOs - H 
2O. N i^Os • HaOJtt/CojOa • Li : 

Mn:Ni:Co = l:0.3:0.3:0. 4<r>7tM 

mt^^xos^m^L. xy'j—itLfz. %^n.fzx 

7 y — Srls^^-tirfcf*. 4 0 O'CTSBf^. igV^T 1 0 

0 0'CX'5'^mMmth:LbX\ L i i. oM no. sN i 
0. 3 c 00.4 O2r^si^^fflfig^0iE®^S!|^5K^f#3t, 

[00 7 7] (^M0!i9) L iOH. MnjOs ■ H 
2O. N ijOs ■ HjOai/CojOs • L i : 

Mn:Ni:Co = l:0. 25:0. 4:0. 350 

7im}^ttc^i:.'ji<z7^^zmn-^^. ^xcmt'^mi^iM 
tz:^=y^)~^m^^^tfzm. 4oo'CT'5wra, m^^x 

1 00 0'CX3mmmm-f^ZbX\ Lii.oMn 

[0078] {]mm 1 ) - 1 2 0 o-cmmm 

L i OH, Mn203 • H2O, N i • HjOS.U'C o 
aOa-HiOSr, Li :Mn:Ni :Co=l :0. 3 
5:0. 42:0. 2 BOTCmt^-S J: 5 t^^Kt®^ 
$ -ii:, :^T<7)S^@*i 1 m*}! t J; 0 U^m^ 
x^U-'IbLJt. %(>fifz:^y'}~^mk^'tfz 

Wc. 4oo-cT-5^i^, m\'^xi2oox:x5mmmM 

m-thZtX. L ii.oMno.36Nio.42Coo.23 02T' 

9r;^tLh m^<^iEm^mm^wz . 

[00 7 9] (Jt^j2) -9 0 0mi?!Ua 
L i OH, MnjOa ■ H2O, N i203 • HjOSt^'Co 
jOa-HjOS-, Li :Mn:Ni :Co=l :0. 3 
5:0. 42:0. 2 3(?)7C*Jti:^r-g. i dtC/Jct^SvS 
±Xcofk^m^ 1 ;u m*)1li: i d M^m^ 

4 oo'cxsmm. ^v^t9oo°c-c-5B#pa^5oa 

i:T\ L i 1. oM no. 35N i 5.42C00. zsOzX^ 
[00 80] (J:t«^J3 ) ~7 5 0*CS!iJ?yi 



L i OH, MnjO, • H2O, N iiOs • H2 0S.t/Co 
jOs-H.OSr. Li:Mn:Ni:Co=l:0. 3 
5:0. 42:0. 2 SCOjtmttt^^i. X 0 l,Z7]<{.zmm 
:g:TCD*M^S*i 1 //m*pi:^|, J; 

, 4 0 0 rt- 5 B#P^ , ilV 7 5 0 r T 5 ^^^l^JM 

■t^::tX\ L i1.oMno.35N io.42COo.2302-C* 

^ti^ms.ioiEmsm«^'i^fz. 

[0081] (i:b«I^J4) Mn (NO3) Ni (NO 

3 ) 2S.t>'C o(N03)2Sr, Mn:Ni:Co = 0. 3 
5:0. 42:0. 2 ScOTmttb^^^Xo^Z^ti^'tl 

iiu 0 Bx 0 , i-mc^xmimmm 1 1 mmiz ix , i^im 

tJrDL i ,.oMno.35N io.42Coo.2302T'^§ixS 

[0 08 2] (i;b»$M5 ) Mn (NO.3) 2. N i203 • 
H2 0Jtt/Co (N03)2^,Mn:Ni:Co = 0. 
35:0. 42:0. 2 3COjmitt^tJ: oiZ-ttl^ 

h.M'oM'j. im^Jimmmm 1 1 mmtz tx.^m 

aiCi DL i,.oMno.35N io.42COo.2302T-^$iX 

[0 08 3] (i:b?$0!l6) MnjOs • H2O, N i (N 
O3) 2S.VC0 (N03)2Sr, Mn:Ni:Co = 0. 
35:0. 42:0. 2 3cr>7mitt^^J;: olZ-^tl^' 

itjfflj 0 JR 0 , im(nxmiimmm 1 1 mmiz tx , m: 

-StCiDL i1.oMno.35N io.42COo. 23 0 2T'5^$n 

[0 084] (J:bK^J7) Mn (NOj) 2. Ni (NO 
3) iM/C O2O3 • H20^, Mn : N i : Co = 0. 
35:0. 42:0. 2 SCOjimttb^l X 'j iZ^tL^' 

tiMKin*) : imcT^xmixmrnm 1 1 mm^z lx . m: 

&CJ;OL ii.oMno.36N i 0. 42C Oo. 23 OsT'^^it 

[0085] (lt«e<?>J8) L i OH, MnjOs • H 
2O, N i O, CoORZ/BzOsS^, L i : Mn : N 
i :Co:B=l:0. 35:0. 42:0. 23: 
0.001 c7)nmitt^^J:ol,Z7iil^zmm^-^. ^X(0 

Lfz. im<7)jimimmm2tmmizLx. mim-^m 

fcj;-5TL i1.oMno.35N io.42COo. 23 0 2T*§il 

s m.f&<^iEm^^mimfz . 

[0086] (l:bg^J9) L i OH, Mn02, N izO 
3 ■ H2O, CoO&yBjOgar, L i : Mn : N i : C 
o:B=l :0. 35:0. 42:0. 23:0. 00 

1 coTcmit t^^Xo iZTHi^zmm ^-t. ^x <mLTWfi 
^(^iLmim:mm2k.nmi.zLx . wsim^m^zx-yx 

L ii.oMno.ssN i 0. 42C Oo. 23 02T'5^§tl«.ffi^(7) 

immm^mtz. 

[0 087] (JrblJ^Jl 0 ) L i OH, Mn02, N i 
O, C02O3 • HzOat/BzOs^, L i : Mn : N 
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i:Co:B=l:0. 35:0- 42:0. 23: 

Uz. miOXg{4^M«?!l2fc[S|«tcLT. mt^^B. 
i -?-C L i 1. oM no. 35 N i 0. 42 C Oo. 23 Ojt'TTC^^X 

[OOSS] (it«i0^Jl 1 ) L i OH. MnaOa • Hj 
OatXNizOs • HjO^r. Li : Mn : Ni =1 : 
0 . 5 5:0. 4 5cr>7iMitb^j:h X o ^zAiizmM^ 
-fir, :^TO©^fS*U //m5fe)1lh^S J; 

0 o-cT5^r^. ^v^T 10 0 o'CTsmmmm-r^ 

ZtT. Li1.oMno.25N io.7502T'^^$tl.i.fflfl)t<^ 

[0 0 89] (i:tf$^Jl 2) LiOH. MnjOs • H2 
OS.tXN iaOs HzO^r. Li:Mn:Ni=l: 
0. 25:0. 7 5C07C^iti:^-2>J;3tC7W=!S^S$ 
■It , (7)14^ S*^' i;«m*i1li;^?)<J;d igst^^^^ L . 

0 o-cT5^ia. 10 0 o'cf 5B#[g^a-r?. 

^i:T\ Li1.0Mn0.4N io.6 02T'5^$*T-^fiB£<=^iE 

mmw^ntz. 

[0090] (ifci£^Jl 3) LiOH. MnaOs • H2 
O, N iaOs • HiO^tl^CozOa ■ HxOtr. L i : M 
n:Ni:Co=l:0. 25:0. 3:0. 45 <7)7C 
«J:t fc ^ i ^ t ? -lir . (7)14^ 1 m 
Mnt^j:^Xdm^mi^V. ^yV-itLfz, 'i%i>>tifz 

x^v-^mk^^fzm. 4oo-c-c5B#^, m^^xi 

0 oorTSfi^rai^^aa-r^-tT, Li1.0Mn0.25 

N i 0 . 3 C o 0 . 4 5 O 2 -C'S^ $ ni. jE«gvS!KO^ 2r # 

[00911 (itKW114) LiOH, MnjOa • Ha 
O. N isOs • H20J!Lt^C 0203 • HjOSr, L i : M 
n:Ni:Co=l:0. 25:0. 5:0. 25<7)7C 

mmt^j:txoM^iSinL. xy')-i\LVtz. nt^ivtz 

y^'y^J-^mm^'tfztk, 4 0 0rT'5B#Pa1, 

0 0 0°C-C5^^l^a-ri.-i:'C\ Lii.oMno.25 

N i 0. 4 C o 0. 35 O, t'^$tt&«^«OiEffi^S!ft® 

[ 0 0 9 2 ] 112 tz, ±iesii!iS^JS,i/it^Jt:J; -:>"C-^ 
^^tifzm.-^it'^i^.imwuz^-t. omtiM 

fab I). 

[0093] {ifWmM 1 ~9S.t>'it«S«?iil 1 ~ 1 
4 ) ±i£(7)i dtcL-C^)St/ciEI6vg!riJ«, mmMxh 

"JrX PVd F ) «Sit8 5:10: 5<^Sfl^T 



?g-^L. N-;^f-;L'-2-fo'J K>- (NMP) SrJn;L 
im^2 0fx m<DT)V $ JMI^tt#±^— 

mizmmL. iSffiTi 3 0'c-c'i 2^^m^Lfz^^. -r 
\^:xiiwiL L , 1 cm2 (Dvm^^zmm \^.iLm.\hLfz. 
[00941 m®R*jt'S>?. Aiiiisi (¥^m@6 fj. 

m. X-/^':^StlS»fffilC:i«.ffi^Pi(doo2) 0. 3 3 
7nm, cfWf6jc7)SS^^c7)^^S (Lc) 5 5nm) 
^^t/'rf^D 7 y-ftt'^'Jxy ( PV d F ) 2ra»it9 5 : 
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